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(54) Title: 

REFLECTION-TYPE LIQUID CRYSTAL DISPLAY DEVICE 
(57) Abstract 

[Purpose] To provide a reflection-type liquid crystal display 
device capable of making a screen display with a large angle 
of visibility without coloration regardless of the position 
of an external light source . 

[Constitution] This reflection type liquid crystal display 
device is so constructed that an observer's side electrode 
plate 2 disposed opposite to a back electrode plate 1 is 
provided with a light scattering layer 21 mainly composed of 
transparent resin and fine grains dispersed in the transparent 
resin. The device is characterized by application of the fine 
grains having a smaller refractive index than the transparent 
resin, optical average dispersion of 0.09 or lower and double 
refraction of 0.02 or lower. Since the refractive index of 
the fine grains is smaller than that of the transparent resin, 
a light scattering effect is high, and since the optical average 
dispersion and double refraction are small, coloration is not 
caused. Accordingly, the bright screen display free from the 
coloration can be made regardless of the position of the 
external light source. 
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Claim: 

1. A reflection-type liquid crystal display device, 
including: a back electrode plate provided with a metal 
reflection layer; an observer's side electrode plate disposed 
opposite to the back electrode plate and provided with a 
transparent electrode; and liquid crystal material sealed 
between the electrode plates, in which voltage is applied to 
the liquid crystal material by each pixel to make a screen 
display, characterized in that at least either the back 
electrode plate or the observer's electrode plate is provided 
with a light scattering layer mainly composed of transparent 
resin and fine grains dispersed in the transparent resin, and 
the fine grains have a smaller refractive index than the 
transparent resin, optical average dispersion of 0.09 or lower 
and double refraction of 0.02 or lower. 

Detailed Description of the Invention: 
[0001] 

[Industrial Field of Application] 

This invention relates to a ref lection- type liquid 
crystal display device and particularly to the improvements 
in the ref lection- type liquid crystal display device capable 
of making a bright screen display with a large angle of 
visibility without coloration regardless of the position of 
an external light source . 
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[ 0002 ] 

[Prior Art] 

In this type of liquid crystal display device, generally, 
as shown in Fig. 4, the principal part thereof is constituted 
by a pair of electrode plates (a), (b) respectively provided 
with a polarization film (not shown) and transparent electrodes 
a4, b4, and liquid crystal material (c) sealed between the 
electrode plates (a), (b) , and in the device, wherein an 
incident light ray is first linearly polarized by the 
polarization film on the incidence side, voltage is applied 
to the liquid crystal material (c) by each pixel to vary its 
orientation state, the plane of polarization of the linearly 
polarized light transmitted through a region is rotated 
depending on the orientation state, and according to the 
rotating angle, the linearly polarized light is intercepted 
or transmitted by a polarization film on the outgoing side to 
make a screen display. In the color liquid crystal display 
device for displaying a color screen, one of the electrode 
plates (a), (b) is provided with a color filter layer for 
coloring the polarized light. 
[0003] 

As this type of liquid crystal display device, a back 
light type or light guide type transmission liquid crystal 
display device with a built-in lamp has spread widely, in which 
a light source (a lamp) is disposed on the back or side of an 
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electrode plate (hereinafter referred to as back electrode 
plate) positioned on the back side of the liquid crystal display 
device so that light rays enter the back electrode plate (a) 
side to provide a bright display screen. 
[0004] 

This type of transmission liquid crystal display device 
with a built-in lamp, however, has the disadvantage that the 
power consumption of the lamp is large so that it consumes power 
substantially equal to that of the other types of displays such 
as a CRT and a plasma display, resulting in impairing the 
primary advantage of the liquid crystal display device, that 
is, low power consumption, and difficulty of long-time use in 
the place where the device is carried. 
[0005] 

On the other hand, a reflection type liquid crystal 
display device is known, in which instead of the above built-in 
lamp, external light such as room light or natural light enters 
from an electrode plate (called observer's side electrode 
plate) positioned on the observer side of the device, the 
incident light is reflected by a metallic reflective film 
provided on the back electrode plate (a) , and screen display 
is made by the reflected light. Since the device does not use 
a lamp, power consumption is low, so it has the advantage of 
being fit for long-time drive in the place where the device 
is carried. 
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[0006] 

In this type of the reflection type liquid crystal 
display device, as the back electrode plate (a) , for example, 
as shown in Fig. 5, its principal part is constituted by a base 
material al, a metallic reflective film a2 uniformly formed 
on the base material al, and a transparent electrode a4 for 
applying voltage, which is provided on the metallic reflective 
film a2 through floor filter layers a3R, a3G and a3B, or as 
shown in Fig. 6, a back electrode plate is so constructed that 
the metallic reflective film a2 is uniformly provided on the 
surface of a substrate al on the opposite side to the 
transparent electrode a4 . 
[0007] 

This type of reflection type liquid crystal display 
device has the disadvantage that since the metallic reflective 
film a2 regularly reflects incident rays, the angle of 
visibility is limited by the position of a light source of 
external light. 
[0008] 

JP-A-63-228887 or "Photo- fabrication Symposium "92" 
arranged by Japan Printing Society, has introduced a liquid 
crystal display device in which a metal thin film having the 
uneven surface is applied as a metallic reflective film a2 to 
prevent regular reflection of the metallic reflective film a2 
and enlarge the angle of visibility of a display screen. That 
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is, Fig. 7 is a schematic diagram showing this type of liquid 
crystal display device. In the liquid crystal display device, 
a base material al, a TFT element a6 provided on the base 
material a through an insulating layer a5, an insulating resin 
layer a7 having the uneven surface provided on the TFT element 
a6, and a metallic reflective film a2 shaped like a pixel by 
an aluminum thin plate, which is provided along the uneven 
surface of the insulating resin layer a7, constitute the 
principal part of the back electrode plate (a) . In the liquid 
crystal display device, since the above metallic reflective 
film a2 has the uneven surface, which reflects the surface shape 
of the insulating resin layer a7, light can be irregular- 
reflected to enlarge the angle of visual field. In this liquid 
crystal display device, the TFT element a6 is formed by a 
semiconductor part a62 and a source electrode a61 and a drain 
electrode a63, which are provided to sandwich the semiconductor 
part a62 on both sides thereof. The conduction across the drain 
electrode a63 and the metallic reflective film a2 is caused 
through contact holes provided in the insulating layer a7 to 
use the metallic reflective film a2 as a driving electrode for 
liquid crystal material. In Fig. 7, the reference sign (b) 
designates an observer's side electrode plate, and bl 
designates a transparent electrode uniformly provided on the 
base material bl . The reference sign (c) designates liquid 
crystal material sealed between the back electrode plate (a) 
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and the observer's side electrode plate (b) , and the reference 
sign (d) designates a sealing material provided in the outer 
periphery of the liquid crystal display device. 
[0009] 

As described above, the liquid crystal display device 
shown in Fig. 7 has the advantage that the angle of visual field 
of the display screen can be enlarged, but on the other hand 
it has the disadvantage that in manufacturing the device, a 
process of forming the insulating resin layer a7 and a process 
of applying unevenness to the surface thereof are needed, and 
also a process of forming a contact hole by dry-etching the 
insulating resin layer a7 is needed to cause the drain electrode 
a63 and the metallic reflective film a2 to conduct, resulting 
in that the productivity and yield are very low. This type 
of liquid crystal display device has the problem that it is 
necessary to provide the metallic reflective film a2 directly 
on the insulating resin layer a7 with the uneven surface by 
vacuum evaporation or sputtering, and since the metal 
reflective film a2 is easily oxidized or hydroxidized in this 
formation stage, the original reflecting performance of the 
metallic reflective film a2 is impaired. 
[0010] 

Under this technical background, the applicant of the 
invention has already proposed the liquid crystal display 
device in which either the back electrode plate or the 
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observer's electrode plate is provided wi th a light scattering 

layer (See JP-A- 5- 1 02 1 2 4 , JP-A- 5- 1 7 02 8 0 ) . 

[0011] 

This liquid crystal display device has the advantage that 
since the display light is scattered by the action of the light 
scattering layer, the principal part of which is formed by 
transparent resin and fine grains dispersed in the transparent 
resin and different in refractive index from the transparent 
resin, the angle of visibility of the display screen can be 
enlarged regardless of the position of an external light source, 
and also in manufacturing the device, the process can be 
simplified so as to improve production efficiency and yield. 
[0012] 

[Problems that the Invention is to Solve] 
The above liquid crystal display device, however, has 
the problem that since the transparent resin contains the fine 
grains different in refractive index from the transparent resin 
dispersed therein, the display light is liable to be colored 
due to the difference between the refractive index of the 
transparent resin and the refractive index of fine grains, or 
double refraction or optical dispersion of the fine grains. 
[0013] 

The invention has been made in the light of the above 
problems, and it is an object of the invention to provide a 
reflection type liquid crystal display device capable of making 
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a bright screen display with a wide angle of visibility and 
without coloration regardless of the position of an external 
light source while keeping the advantage of the reflection type 
liquid crystal display device. 
[0014] 

Presupposing that the reflection type liquid crystal 
display device includes a back electrode plate provided with 
a metal reflection layer, an observer's side electrode plate 
disposed opposite to the back electrode plate and provided with 
a transparent electrode, and liquid crystal material sealed 
between the electrode plates, in which voltage is applied to 
the liquid crystal material by each pixel to make a screen 
display, the invention of claim 1 is characterized in that at 
least either the back electrode plate or the observer's 
electrode plate is provided with a light scattering layer 
mainly composed of transparent resin and fine grains dispersed 
in the transparent resin, and the fine grains have a smaller 
refractive index than the transparent resin, optical average 
dispersion of 0.09 or lower and double refraction of 0.02 or 
lower . 
[0015] 

In such technical means, as the fine grains constituting 
a part of the light scattering layer, the material whose 
refractive index is smaller than that of the transparent resin 
is applied, so the angle of visual field of the display screen 
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becomes very wide so that a bright screen can be displayed 
regardless of the position of the external light source. 
[0016] 

In the case where the refractive index of the fine grains 
is larger than that of the transparent resin (e.g. in the case 
of dispersing Ti0 2 with refractive index of 2. 5 to 2 . 9 as fine 
grains) , the light scattering effect becomes insufficient, so 
that the angle of visual field of the display screen can't be 
enlarged enough. This is shown in a graph of Fig. 3. That is, 
in the photosensitive phenol novolak epoxy resin whose 
refractive index is 1.57 after hardening, 20 wt.% fine grains 
of CaF 2 (refractive index of 1.43), PTFE 

(polytetraf luoroethylene, refractive index of 1.35) and Ti0 2 
(refractive index of 2.49) are respect ively dispersed, and cell 
solve acetate is used as a solvent to obtain a coating liquid. 
The coating liquid is applied to an aluminum thin film 0 . 2 jam 
thick provided on a glass substrate and hardened, and the 
brightness of each applied and hardened film is measured in 
at a visual angle (an angle made to the normal line) ranging 
from 0 to 60 degrees using a tungsten lamp for the respective 
applied and hardened films. The measurement results are shown 
in Fig. 3. From Fig. 3 it is confirmed that when CaF 2 , or PTFE 
having smaller refractive than the phenol novolak epoxy resin 
is applied as fine grains, the brightness is higher in the 
region of visual angle from 10 to 60 degrees and the angle of 
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visibility is larger as compared with the case of applying TiO ; , 
having larger refractive index than the above resin as fine 
grains . 
[0017] 

In this technical means, the optical average dispersion 
means a difference (n F - n c ) between the refractive index n F 
toFlinewitha wavelength of 0.486 |j.m and the refractive index 
n- to C line with a wavelength of 0.656 |im. In the invention 
of claim 1, the optical average dispersion of the above fine 
grains is 0.09 or lower so that when a light ray is refracted 
as it enters the interface between the transparent resin and 
the fine grains, the refracting direction does not depend on 
the wavelength of the light ray, but all visible light rays 
are refracted substantially in the same direction. Therefore, 
coloration of the display screen based on the optical average 
dispersion can be prevented. 
[0018] 

Subsequently, in the case where the above fine grains 
have optical anisotropy, the refractive index of fine grains 
varies with the plane of polarization of a light ray traveling 
in the fine grains. For example, in the uniaxial anisotropic 
crystal such as tetragonal system crystal, hexagonal system 
crystal, and rhombus lattice system crystal, there are two 
kinds of refractive indexes, that is, the refractive index to 
the light ray having a plane of polarization vertical to the 
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axis of the above crystal and the refractive index to the light 
ray having a plane of polarization parallel to the axis of the 
above crystal. In the biaxial anisotropic crystal such as 
rhombic crystal, monoclinic crystal and triclinic crystal, 
there are three kinds of refractive indexes (the difference 
between the maximum of the refractive indexes and the minimum 
thereof is called double refraction index) . The light ray 
entering this type of anisotropic crystal is separated into 
the respective polarized light rays whose planes of 
polarization intersect each other in the crystal, and the 
separated polarized light rays travel at the speed 
(proportional to the inverse number of the refractive index) 
depending upon each refractive index, so coloration of the 
outgoing light ray is caused. On the contrary, when the double 
refraction of the fine grains is 0.02 or smaller, the double 
refraction is very small, so that coloration of the display 
screen based on double refraction can be prevented. 
[0019] 

As the fine grains satisfying the above necessary 
conditions, the fine grains composed of inorganic matters and 
fine grains composed of organic polymers are exemplified. As 
the fine grains composed of inorganic matters, fine grains 
having a cubic structure called isometric system, fine grains 
having a tetragonal structure with small double refraction 
similarly to the isometric system, or amorphous fine grains 
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can be applied. For example, fluorine compounds such as CaF 2 , 
MgF 2 , SrF 2 , Li F, and NaF can be applied. As the fine grains 
composed of organic matters, fluorine-contained polymers such 
as PTFE (polytetraf luoroethylene ) , PFA (per f luoroalkoxy 
resin) , FEP ( tetraf luororethylene-hexaf luoropropylene 

copolymer), PVDF (polyf luorovinylidene ) , ETFE (ethylene- 
tetraf luoroethylene copolymer), and PVF (polyf luorovinyl ) can 
be exemplified, and fine grains may be formed by introducing 
fluorine atoms or alkyl fluoride group into the other polymers . 
[0020] 

Further, these fluorine compounds or fluorine-contained 
polymers may be suitably surf ace- treated to be applied as the 
fine grains. As the surface treatment, cited is the treatment 
of coating with Si0 2 , Zr0 2 , A1 2 0 2 , ZnO, transparent resin, a 
coupling agent, or a surface-active agent . In addition to this, 
exemplified is the treatment of causing surface reaction with 
alcohol, amine, organic acid, or the like. 
[0021] 

On the other hand, it is desirable that the grain size 
of the above fine grains is 0.05 to 1.0 \xm, which is close to 
the wavelength of a visible light ray. When fine grains having 
double refraction of 0.02 or smaller with about this grain size 
are applied, coloration of the display screen due to the double 
refraction substantially does not occur. Although fine grains 
of under 0.05 (am or above 1 . 0 \im may be a little mixed in the 
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above fine grains, it is desirable that the grain size is 
smaller than the distance between the electrode plates in which 
the liquid crystal is sealed not to disturb the normal 
orientation of the liquid crystal. The fine grains may be 
shaped arbitrarily like a sphere, disc, stone of the go game, 
polygon, rhombus, or square. 
[0022] 

It is desirable that the resin for dispersing the above 
fine grains has high transmi ttance of visible rays and also 
enough resistance against heat treatment and chemical 
treatment in the manufacturing process for the liquid crystal 
display device, and for example, acrylate resin, epoxy resin, 
polyester resin, urethane resin, silicone resin, polyimide 
resin and the like can be applied. From the necessity in 
assembling the liquid crystal display device (e.g. in the case 
of providing wiring for electric connection) , in the case of 
providing a light scattering layer like a pattern, acrylic 
resin and epoxy base resin having photosensitivity and 
deve Lopability may be used. Further, thermosetting resin and 
ultraviolet curable resin may be used. 
[002 3] 

The fine grains are mixed and dispersed in the 
transparent resin to be applied on a transparent substrate, 
and dried to form the above light scattering layer. As the 
application method, a flexo printing method, a screen process 
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printing method, an offset printing method and a roll coating 
method can be applied. 
[0024] 

Although the above light scattering layer may be provided 
on either the observer's side electrode plate or the back 
electrode plate constituting the liquid crystal display device, 
it is necessary to dispose the light scattering layer in the 
optical path of display light constituting the display screen. 
[0025] 

As a metallic reflective layer provided on the back 
electrode plate in this technical means, a thin film made of 
metal with high reflectance of visible rays such as silver, 
aluminum, aluminum alloy, magnesium, nickel, titanium, or 
chrome, and a multi-layer metal thin film formed by stacking 
a number of the above thin films can be applied. The metallic 
reflective film may be patterned like stripes or in the shape 
of a pixel to be used as a liquid crystal driving electrode. 
Further, a transparent thin film may be stacked on the metallic 
reflective film. As this type of transparent thin film, an 
ITO (indium-tin-oxide) film formed by mixing tin oxide as a 
dopant in indium oxide, an indium oxide thin film, a silicon 
oxide thin film, an aluminum oxide thin film, a zirconium oxide 
thin film, and a magnesium oxide thin film can be used . Further, 
the metallic reflective film may be formed in a pattern like 
the whole surface or the pixel shape of the display screen, 
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and the liquid crystal driving transparent electrode may be 
provided on the metallic reflective film through the 
transparent insulating layer. As this type of transparent 
electrode, in addition to the above ITO thin film, a thin film 
formed by adding titanium oxide, zinc oxide, antimony oxide, 
bismuth oxide, hafnium oxide or yttrium oxide to indium oxide, 
a thin film formed by adding aluminum oxide to zinc oxide, or 
a multi-layer film formed by stacking a number of these thin 
films can be used. 
[0026] 

On the other hand, as the transparent electrode provided 
on the observer' s side electrode plate, the above ITO thin film, 
a thin film formed by adding titanium oxide, zinc oxide, 
antimony oxide, bismuth oxide, hafnium oxide or yttrium oxide 
to indium oxide, a thin film formed by adding aluminum oxide 
to zinc oxide, or a multi-layer film formed by stacking a number 
of these thin films can be used. 
[0027] 

In the reflection type liquid crystal display device 
according to the invention described in claim 1, display with 
white light can be performed without coloration of display 
light, so that a color filter layer for coloring the display 
light is disposed in the optical path of the display light to 
thereby display a color screen. As this color filter layer, 
a well-known one can be used. For example, a color filter layer 
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by a printing process, which is formed by printing printer's 
ink containing a coloring agent, a color filter layer by a 
dyeing method, which is obtained by applying photosensitive 
layer, performing exposure and development in the shape of a 
pattern according to a photolithography method, and then dyeing 
the remaining photosensitive resin with a dye, and a dolor 
filter layer by a pigment dispersion method, which is obtained 
by applying photosensitive resin in which a coloring agent is 
dispersed, and performing exposure and development in the shape 
of a pattern according to a photolithography method can be used. 
In addition to the above, it is also possible to use a color 
filter layer by elect rodeposition process, which is 
manufactured by elect rodeposi ting electrodeposi tion resin 
containing a colorant by each pixel. 
[0028] 

As a substrate of the back electrode plate, in addition 
to transparent substrates such as a glass plate, a plastic plate 
or a plastic film, an opaque substrate colored black or the 
like can be applied. 
[0029] 

[Operation] 

According to the invention of claim 1, at least either 
the back electrode plate or the observer' s side electrode plate 
is provided with a light scattering layer mainly composed of 
the transparent resin and fine grains dispersed in the 
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transparent resin, and the fine grains having a smaller 
refractive index than the transparent resin are applied, so 
that the angle of visibility of the display screen can be 
enlarged . 

[0030] 

Since the optical average dispersion of the fine grains 
is 0.09 or smaller, and the double refraction thereof is 0.02 
or smaller, it is possible to prevent coloration of the display 
screen based upon the optical average dispersion and double 
re fraction . 
[0031] 

[Embodiments ] 

The embodiments of the invention will now be described 
in detail with reference to the attached drawings. 
[0032] 

[Embodiment 1] 

In the reflection type liquid crystal display device 
according to the embodiment, as shown in Fig. 1, the principal 
part thereof is formed by a back electrode plate 1, an 
observer' s side electrode plate 2 provided opposite to the back 
electrode plate 1, liquid crystal material 3 sealed between 
the electrode plates 1, 2, a sheet polarizer and a phase plate, 
which are not shown. In the back electrode plate 1, the 
principal part thereof is formed by a transparent substrate 
10, an aluminum-made metallic reflective film 11 having a 
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thickness of 0.2 \im provided in 480 stripe patterns in total 
with a pitch of 300 |xm and a width of 290 jam in a screen display 
area on the transparent substrate 10, and an ITO thin film 12 
having a thickness of 0.07 jjm provided in the same pattern as 
the metallic reflective film 11 on the metallic reflective film 
11. On the other hand, in the observer's side electrode plate 
2, the principal part thereof is formed by a transparent 
substrate 20, a light scattering layer 21 uniformly provided 
on the whole surface of the display area, and an ITO thin film 
22 (sheet resistivity about 7 Q/D) provided in 640 stripe 
patterns in total with a pitch of 300 jam and a width of 290 
(.im on the light scattering layer 21. The metallic reflective 
film 11 and the ITO thin film 22 are provided in stripe patterns 
in the direction of intersecting perpendicularly to each other, 
the metallic reflective film 11 is taken as a scanning line, 
the ITO thin film 22 is taken as a signal line, and voltage 
is applied across the thin films to drive the liquid crystal 
material in the intersecting position, thereby making a screen 
display . 
[ 0033] 

The light scattering layer 21 is formed by dispersing 
22 wt% CaF : (refractive index: 1.43, optical average 
dispersion: 0.005, double refraction: 0) in photosensitive 
phenol novolak epoxy resin having a refractive index of 1.57 
when it is hardened. 
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[0034] 

The metallic reflective film 11 and the ITO thin film 
12 are formed by continuously depositing a metal thin film and 
an ITO thin film on the transparent substrate 20, patterning 
the ITO thin film according to the photolithography method, 
and then etching the metal thin film taking the residual ITO 
thin film as an etching resist. 
[0035] 

When voltage is applied across the metallic reflective 
film 11 and the ITO thin film 22 to display on a screen, a display 
screen can be a white screen without coloration, and have a 
wide angle of visibility, so that the display screen can be 
satisfactorily recognized even when it is seen at an angle of 
60 degrees to the normal line of the screen. 

[0036] 

[Embodiment 2] 

In the reflection type liquid crystal display device 
according to the embodiment, as shown in Fig. 2, the principal 
part thereof is formed by a back electrode plate 4, an 
observer' s side electrode plate 5 provided opposite to the back 
electrode plate 4, liquid crystal material 6 sealed between 
the electrode plates 4, 5, a sheet polarizer and a phase plate, 
which are not shown. In the back electrode plate 4, the 
principal part thereof is formed by a transparent substrate 
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40, an aluminum-made metallic reflective film 41 having a 
thickness of 0.15 jam provided in 480 stripe patterns in total 
with a pitch of 300 \im and a width of 290 |im in a screen display 
area on the transparent substrate 40, and an ITO thin film 42 
having a thickness of 0.06 |am provided in the same pattern as 
the metallic reflective film 41 on the metallic reflective film 

41. On the other hand, in the observer's side electrode plate 
5, the principal part thereof is formed by a transparent 
substrate 50, 1921 black stripes in total provided with a pitch 
of 100 \im in a region between a pixel and a pixel of a screen 
display area of the transparent substrate 50, 1920 color filter 
layers 54R, 54G, 54B in total of three colors (red, green, 
blue) provided in stripes in a pixel region between the black 
stripes, a light scattering layer 51 uniformly provided on the 
whole surface of the screen display area to cover the black 
stripes 51 and the color filter layers 54R, 54G, 54B, and an 
ITO thin film 52 (sheet resistivity about 8 Q/D) provided in 
1920 stripes in total with a pitch of 100 j^m and a width of 
90 |^m on the light scattering layer 21 . The metallic reflective 
film 41 and the ITO thin film 52 are provided in stripe patterns 
in the direction of intersecting perpendicularly to each other, 
the metallic reflective film 41 is taken as a scanning line, 
the ITO thin film 52 is taken as a signal line, and voltage 
is applied across the thin films to drive the liquid crystal 
material in the intersecting position, thereby making a screen 
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display . 
[0037] 

The light scattering layer 51 is formed by dispersing 
about 18 wt . % MaF 2 (refractive index: 1.38, optical average 
dispersion: 0.006, double refraction: 0.012) in 
photosensitive phenol novolak epoxy resin having a refractive 
index of 1.57 when it is hardened. 
[0038] 

The above color filter layers 54R, 54G, 54B are formed 
by intaglio offset printing taking epoxy resin as resin 
constituent and an organic pigment as a coloring agent 
constituent . 
[0039] 

On the other hand, the metallic reflective film 41 and 
the ITO thin film 42 are formed by continuously depositing a 
metal thin film and an ITO thin film on the transparent 
substrate 40, patterning the ITO thin film according to the 
photolithography method, and then etching the metal thin film 
taking the residual ITO thin film as an etching resist. 
[0040] 

When voltage is applied across the metallic reflective 
film 41 and the ITO thin film 52 to display on a screen, a display 
screen can be a clear screen with high color purity, and have 
a wide angle of visibility, so that the display screen can be 
satisfactorily recognized even when it is seen at an angle of 
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60 degrees to the normal line of the screen. 
[0041 ] 

[Advantage of the Invention] 

According to the invention related to claim 1, the angle 
of visibility of the display screen can be enlarged and the 
coloration of the display screen based on the optical average 
dispersion and double refraction can be prevented so that a 
bright screen display can be made without coloration regardless 
of the position of an external light source. 

Brief Description of the Drawings: 

Fig. 1 is a sectional view of a liquid crystal display 
device according to an embodiment 1; 

Fig. 2 is a sectional view of a liquid crystal display 
device according to an embodiment 2; 

Fig. 3 is a graph showing the relationship between the 
angle of visibility consequent upon the refractive index of 
fine grains and the luminance; 

Fig. 4 is a sectional view of a liquid crystal display 
device according to the prior art; 

Fig. 5 is a sectional view of a back electrode plate 
according to the prior art; 

Fig. 6 is a sectional view of a back electrode plate 
according to the prior art; and 

Fig. 7 is a sectional view of a reflection type liquid 
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crystal display device according to the prior art. 

[Descript ion of the Reference Numerals and Signs] 

1: back electrode plate 

2: observer's side electrode plate 

3: liquid crystal material 

4: back electrode plate 

5: observer's side electrode plate 

6: liquid crystal material 

10: transparent substrate 

II: metallic reflective film 

12: ITO thin film 

20: transparent substrate 

21: light scattering layer 

22: ITO thin film 

40: transparent substrate 

41: metallic reflective film 

42: ITO thin film 

50: transparent substrate 

51: light scattering layer 

52: ITO thin film 

53: black stripe 

54R: color filter layer 

54G: color filter layer 

54B: color filter layer 
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[FIG. 1] 

1: BACK ELECTRODE PLATE 

2: OBSERVER'S SIDE ELECTRODE PLATE 

3: LIQUID CRYSTAL MATERIAL 

10: TRANSPARENT SUBSTRATE 

11: ITO THIN FILM 

20: TRANSPARENT SUBSTRATE 

21: LIGHT SCATTERING LAYER 

22: ITO THIN FILM 

[FIG. 3] 

LUMINANCE [ cd/irr ] 

ANGLE OF VISIBILITY (DEGREES) 
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